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WE: 4 T R E R F 2 X A% Aphis gossypii xol ok ok Fe B R B A A9 SUME AR ) PR ROEAR X
A% BT W ) AP BEEAT R ], R At id At M B R8IT A V2l £ R & Ae RSIT-V62I LBl £ &
71‘%’: éﬁﬂﬁﬁiﬂ L mERe A% 2 AR (nicotinic acetylchohne receptor,NnAChR ) & & B2 A! | 15 vk, Sk ok for L0 R iz
AT A4, oA s R fe vt kokAe B0 A AU T A9 VE R, SR oAk ke B ki
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Determination of resistance and cross-resistance to imidacloprid and sulfoxaflor
in field populations of Aphis gossypii in China
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Liang Pei' Xie Xiaoping® Gao Xiwu'
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Abstract: To monitor the resistance levels of Aphis gossypii to insecticides imidacloprid and sulfoxa-
flor, various field populations in typical cotton planting areas of China were assessed, and the nicotinic
acetylcholine receptor (nAChR) protein models of A. gossypii which contain R81T mutation alone,
V621 mutation alone and R81T-V62I combined mutation were built and used to dock with imidacloprid
and sulfoxaflor molecules. The effects of R81T mutation alone, V621 mutation alone and R81T-V621
combined mutations of nAChR were analyzed for the resistance to imidacloprid and to sulfoxaflor, and
for the cross-resistance between imidacloprid and sulfoxaflor. The results showed that the different field
populations of A. gossypii had developed high levels of resistance to imidacloprid, the resistance ratios
ranged from 174.70 to 56 409.18. And low to moderate levels of resistance to sulfoxaflor were observed,

the resistance ratios were 7.35-44.63. The resistance monitoring results indicated that the sensitivity of
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A. gossypii to sulfoxaflor was higher than that to imidacloprid in different field populations. Regression

analysis showed that there was no significant correlation between the resistance to imidacloprid and the

resistance to sulfoxaflor. The R81T mutation alone, V621 mutation alone and R81T-V62I combined mu-

tations reduced the affinity of imidacloprid with nAChR, but had no significant effects on the sulfoxaflor

binding with nAChR. The results suggested that the R81T mutation alone, V621 mutation alone and

R81T-V62I combined mutations caused target-resistance to imidacloprid, but had no obvious effects on
the resistance to sulfoxaflor. R81T, V621 and R81T-V621 mutations did not produced cross-resistance be-

tween imidacloprid and sulfoxaflor.
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K3 Aphis gossypii s —F T S i il i =X 1
aE N A R IZ , RENS A A R
PRI G E , B MR R AR T, Ho)
WA 2 7R A RE NS 5 B R TS 05 , D T 3k A ] 4 1
(Ebert & Cartwright, 1997) . H §i , #5157 i4 T2
WA PR o M H bR —Ff T B VA AR 4
B2 A% HUR) A ER T R P AR £ 206 ™
AT TREHE, W12004—2007 4F LA D T AR
S T e T E ) 0 A o) bt e b ™ A v 2
P K, PR A B 13.79~55.02 (=5 o5 Ak 55,
2008) ;2011 4%, s 4E 5K H ik X (RTFR 8 ) AN [H]
i DX X b R AL T BB (R R, 2012) 5
2015 4F, 1L VY45 1 30l T Rl A P A 0T bt e ok ™ A= e
KT 1 215.07 % (Chen et al.,2017) ;2018 4, i
FARTT R ETT ZEET A T R ETA
BT AR ICE AR 0 bt el A T b A 2 e ALK
S HUEAE R K 85.20~300.00 (AHRFS - 15 A JRVT4E
2019),

FE HRE G VR S FH T IR R 2 ok Rk 22
(nicotinic acetylcholine receptor, nAChR ) f¥J 4C X II.
22 ORI ARG o E R AR I X J8UhE
ARG W= A T AS R RR B P 2540 | an e 2014—
2017 4F, T b A8 P 7 R HHS S 7 Af A A X G e
T BT AN T, 2017 43 2 b Ao ki e 4 50 7
AT 2053915 A1 197.43 A5 B94HE , 5 2014 5240 [ o3
S ETET 204.59 15 F1181.01 17 (42 4545, 2020) 5
2017 4111 25 48 T N T AT A6 48 98 M T R e o 2 o
SR T RIS 3 P A T 1124850 59.07 f5 ik (2
#H/R4E 2020; Chen et al.,2020) .

it B I AR bR P S S BT = AR 1
BIHLH] . A BFFEUESS, 40 (0 3 P40 R A i L gL
FE Ml P2 T G ity R0 I O S 5 % IR M 11 28 5 i
A S A A XSk R %) B A (B2 T 55, 20165 Chen et
al.,2019) . nAChR 1 V. % Loop-D [X ) R81T %48

ALY 3% K 5t 1Y) R AT 5 SSORT A5 XoF Mk s bl ™ A 0
PRyt (Kim et al., 2017) o FiFHAGTF Y & AR 17 %) 95
WE R (AP AL ) 2 i AR, a2 i
0K P450 A BESL AL AL A ATP-25 A ik ia A T
PERTIE AN B (0 T e 6 S B AR I 0 ggUnE R e s
Yok A4 (Ma et al.,2019;2021; Wang et al.,2021) .
1M & T nAChR 2848 J2 75 25 3 SR 7 X JeUE R I
FEAEBR PRI AR ILARGE .

Chen et al.(2017)7E nAChR S1 W& B 1460
FR8IT AL, i KL T Hi i) V621 FI K264E R7%
K264E i FEE IR IX TMI1 b, X 5 i R i AT R b
5 nAChR %5 4 0 5% 1 AT fig 458718 ; V621 4 3 Loop-D
DX 3k, AR A AT e 2 02 FeUE H e i At sk 5 2, gk
NRBRAZ (R 25 A BE ) (R R IESE . ARSI
TG I [T DX AR T bk R AR SURE B bt
IR SRR /Ny AR AR ST RS I T I V621
G Nk HEUPOR S E HUREG 5 nAChR 45 5 B 1Y
S, LA B4R 5 nAChR 4 R81T H1 V621 28748 %t
bt SR AR S e BB PR %) 5
1 MRl5AEE
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¥ IR 48%:

(sulfoxaflor) J5i 2 , 2 [E P [G 25 AR A F) 5 95.9% Nk K,
Wbk (imidacloprid) JF 24 , #1350 [ [ 43-/3 7] 5 Triton
X-100, € [# Sigma-Aldrich 23 7] ; HAvH) 8 7= 43 #r
afi . RXZERe RN TAMRA , TR LR A
12 FLAHAIIE TR, P 0 A S g A A PR )
1.2 Ak
1.2.1  FOE kB Aol Rk s AR AR BE 64 2 0] 2

SR FHR 32800 U S AR e bl o) At A
WFRNEEREE ST, IS AT Bl o 5 M R IROR S E H e
PR B 4 90 ) A% 15 000 pg/mL A2 000 pg/mL
(RIREI , SR e FARER EE 0.05% 1Y Triton X-100 F B,
— ZRIN BRI TR AN AR H O AR
FERE 0 R 90 B A BT A TR] 5 AR 35 55 PrAs
O HEA TR, bk ORI B2 X 3] 24 0~10 000 pg/mL,
GRUE H i (%) v B DX )47 0~100 pg/mL. ff FH ELAR
421 mm BT FL AR AR AL EL AT B, A3
FRATRE W EZH T 15 s, LR A
0.05% Triton X-100 [ HH-EEAE X RE . IR U 1
RSERSE T, T AT R A A SR Y 12 FLAN s
FEMR Y, B R/ INFE AR — B0 To I B 7% 4% 31 12 L
20 85 R AR LR 57 , B FL 25~30 3k, BRI 3 UK
2OHEARE S, TIRE (23£1)°C AHXHEE 60%
JEF 16 L:8 D &4 N 5% 48 h 5 & B/ AAIG1H L,
HEERA AT E W RIET I D RIET % R
JH] PoloPlus 2.00 &K 4-318: 2 Fh A% th ) AR B A8 LC,,
LCyo S 95% A7 X 0], Rl 0 A dr A 4. Ptk
15 H0=24 70 % BT AN R Y LC AR IR 2, AW 5T BT
FEUAACE X bk HR ok 60 960 ME HRL R T ) BUUER R 28 53 0l R
0.050 pg/mL F10.624 pg/mL(H 4x,2019) ., 44k
FEE<S B, S ABURR ;XY S<PU A AR <10 B, ARk
5 2 10<PTHEAEB<100 B, Ry SRR KR 5 24 BT
PEAEE100 B, Ry s e tskF- o [RbR 3545 5
1) LCso 8 A R X B, SR I LA T] — Ml g7 nb o bl 1 30
I Iz I o R S b B B LC %o 00 {1 2 T A I, 9
K FH Excel 2019 X 95UNE G Fntk B bk LC,, X5 450 {E
AT — Tt [ 234, AREBURE DG R B 1 U 5 2,
S3HTPE Z AR AH D
122 RRERES T8

27 Xu et al.(2020) [R] Y5 B Y )7 15 -0 &
i, LA ZF Aplysia californica i ZTBERRRRES &
1 (PDB: 3C84) A&t . HIAHEF Y f1 (GenBank %
&5 AF527785.1) .al (GenBank & 55 KR261653.1)
1 a2 (GenBank & 55 5 LC215866.1) i J i i 75 2%
T. H Swiss-model (https://swissmodel.expasy.org/) [1]

User-template #5xCEA 7[RI AR . B 58 By 1
Swiss-model [ 7 (%) JiT £ 1Al T2 E 7070 T & 17
i, -3 QMEANDIsCo global i Fl1 2 32 — i £
Fir =&l , Hith QMEANDisCo global {f 3t 5l 4 4 [0,
1], AR 10 PSS AR o b e - 2 SR 1R — 1T AR v =X
P AT 2 11 o 2 S IR 5 2 T A1 w RN @ A A 2
W IETEA BB 1 18], S 8 1 90% L /Y
RABEIR IR AR AR BE TR AR SRV X N A AR Y
PG E 8 R A o AW 3 IR L3Ry vk At
SET AABERY oy ) R U (R ) (R8IT A
V621 B AR BRI L % R81T Al V62I(R81T-V62I) 4
[A] & AZ AL B . M\ ZINC (http://zinc15. docking. org/
substances/home/) /N3 ZCH0 P22 4 B H bl T i
WE R B = 4S54 . fFH AutoDock 4.2 # A
(http://autodock.scripps.eduw/) #1753 F X % , 1% H >
T T G T . DL B I a2 WU FETE R £ R R
Bl B A7 s A R R T 1 O I PR L KN B
54 Ax104 Ax68 A, XU E N 100 0 W4
5T B 1 HE L RORT SEUNE BTG 5 nAChR U Y
FNGEAS T A IR 25 5 RE S IR A R AE 45 64
5, I KT H 45 S RIS & e B RE D ) R
B fd#H PyMol 2.5.0 A4 (https://pymol.org/2/) X}
A YRS T AT AR AT, T GE T R R
WE UG 5 4 B R R i S B B S K
DL Rtk e o g e B el 5 4 A SR AR R AR nen
AHEAE AN - PH S VR RS B . i LigPlot” 2.2
B A4 (https://www. ebi. ac. uk/thornton-srv/software/
LigPlus/) 53-8 4/~ 8 58U 55 ik HOoboRn e R
(IR K AE

2 BRE5HM

2.1 Mt FRWRFD SUAE H AR S X A 1 F (B) b BE RO B8
R agE T bt SR A PR AS 28R 174.70~56 409.18,
PIUbF 2 BT KT 5 B3 X R e HUR i R e
$H 7.35~44.63, /b TAREE B rh AP EAKT-2Z 0] (%
1) o XoF M HEBBRT P B o )2 LLY P A SRR, bt o b
PO SRR ) 2 TR AR 5 o) SR H e i e e
e R L AR AR SRR, X RN R T S v B A1 iy
LR AE o AR X N s bk B P B S o X6 98
WE L PP | EL A7 X bk FROPL 1 A AL R e
FE 55 ) et HR MRS BT B AR A S AN T
— M I A HT s |, FOE HR R AR bk
Xo A [68] 1, X AR A RRE 1) LC o RSB N FEAE S 35 A G
P (P=0.154) (1) , M R ECH 0.165, &k a1 1407
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oM y=0.152x+0.725.
F1 2020 F 0t RWRFN FIE R AR EE AR R B H B F BN S N
Table 1 Toxicities of imidacloprid and sulfoxaflor against different field populations of Aphis gossypii in 2020
HURE: 15 T T i FORT o e DY Ak LC,,(95%CL)/ .
Collecting site Insecticide Total  AxHEiR (ug/mL) Resista- (ug/mL) Z 4 P
no. Slope+SE nce ratio
[y ik ik 412 1.18+ 740.55 14 810.90 8 944.51 12.05 10 0.28
Hebei Hengshui Imidacloprid 0.20  (424.20-1210.83) (4 072.08-49 811.43)
Province  City FUEHRENE 544 121+ 25.64 36.95 292.06 6.14 13 0.94
Sulfoxaflo 0.16 (19.40-33.57) (169.84-709.80)
IIARA WEMNTT Mk ok 408  0.61+ 60.49 1209.76 7753.55 15.28 13 0.29
Shandong  Binzhou Imidacloprid 0.13 (4.81-173.57) (2557.70-119 903.33)
Province  City FRERE 503 0.88+ 5.10 7.35 144.48 12.59 13 0.48
Sulfoxaflo 0.18 (1.54-9.20) (74.92-577.35)
ZETT LR 396 146+ 440.42 8 808.34 3321.50 12.18 11 0.35
Dongying Imidacloprid 0.27 (205.42-694.72) (1924.51-10 038.48)
City FREH NG 468 1.36% 30.97 44.63 272.79 9.02 12 0.70
Sulfoxaflo 0.27 (18.20-45.81) (148.32-971.20)
EEE sk 433 1.01% 426.58 8531.56 7 850.22 12.92 11 0.30
Xiajin  Imidacloprid 0.21 (162.89-767.21) (3 150.96-87 690.79)
City FE RS 574 1.45% 28.67 4131 219.06 10.80 13 0.63
Sulfoxaflo 0.23 (19.11-39.78) (134.61-504.02)
=y BT Rk 481  0.84+ 2 820.46 56 409.18 95332.87 10.74 10 0.38
Shanxi Yuncheng Imidacloprid 0.14  (1396.24-5359.65) (33 093.49-828 800.21)
Province  City FUE UK 528 1.91+ 20.12 28.99 94.16 18.00 13 0.16
Sulfoxaflo 0.19 (15.51-25.31) (67.18-157.86)
BramAE s BRIRT Mk 429  0.77+ 110.80 2215.94 5103.27 26.57 11 0.01
JRIERAIX. Alaer  Imidacloprid 0.12 (9.02-287.99) (1 852.84-83 302.83)
Xinjiang  City FRE NG 459 1.18+ 10.28 14.81 125.72 5.80 12 0.93
Uygur Sulfoxaflo 0.18 (6.59-13.95) (76.29-303.49)
Autonomous f ity i itk 532 0.72+ 239.35 4787.06 14 653.49 8.48 13 0.81
Region Bole City Imidacloprid 0.09 (139.48-365.90) (6 809.52-50 254.46)
FE I 645 1.61% 20.87 30.08 130.55 10.06 13 0.69
Sulfoxaflo 0.17 (16.52-25.63) (95.05-204.50)
EVEOH i rmk 441 0.92+ 499.65 9992.92 12 483.17 15.02 10 0.13
Changji  Imidacloprid 0.15  (258.42-1854.04) (2 842.86-460 188.23)
Prefecture f5ing diflizfi; 466 1.29+ 591 8.51 58.59 11.00 13 0.61
Sulfoxaflo 0.24 (2.50-9.54) (38.26-119.89)
WEAFTT ARk 551 0.54+ 8.74 174.70 2074.24 3.76 11 0.98
Kashi Imidacloprid 0.15 (0.07-39.61) (999.89-14 132.32)
City SBEHEE 528 L2+ 5.51 7.95 76.73 6.02 13 0.95
Sulfoxaflo 0.17 (3.02-7.80) (52.067-144.67)
T2 SR T e ok 582 0.44+ 51.95 1039.00 44 803.83 8.48 12 0.75
Kuerle  Imidacloprid 0.11 (3.52-144.09) (10 202.05-2 870 823.56)
City FUE NG 529 1.65+ 15.82 22.80 95.01 13.15 12 0.36
Sulfoxaflo 0.19 (11.43-20.54) (66.32-164.71)
Zsimi Ak 483 1.04+ 44232 8 846.48 7591.10 6.19 12 0.91
Kuitun  Imidacloprid 0.17 (286.69-615.87) (3991.90-24 612.75)
City e 504 1.05+ 10.05 14.48 167.87 6.90 13 0.91
Sulfoxaflo 0.16 (6.08-14.06) (97.65-437.07)
RNy TR | A RN 454 0.59+ 1271.11 2542220 190 027.84 572 11 0.89
Shawan  Imidacloprid 0.11  (705.45-2238.95) (47 398.77-3 350 754.63)
City FEREE 447 112+ 18.23 26.26 256.82 13.07 13 0.44
Sulfoxaflo 0.17 (11.89-25.65) (133.30-897.63)
AT Ak 503 0.82+ 1559.32 31 186.46 55913.12 14.03 12 0.30
Shihezi  Imidacloprid 0.11  (961.97-2757.28) (20 019.16-353 921.03)
City e 620 136+ 11.17 16.09 97.78 9.29 13 0.75
Sulfoxaflo 0.17 (7.91-14.48) (68.44-167.10)
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#ZF3 1 Continued

URE A7 m BIE BPE:

LN E R

Collecting site Insecticide Total  FRHEDE LC5(0(9fn617t7LC)L)/ Resista- LC%O(gfr?ISL)/ x od P
& no. Slope+SE HE nce ratio HE
ST N 459 041+ 1459.01 29 180.18 1921 868.39 6.64 13 0.92
Tulufan  Imidacloprid 0.10  (611.29-5286.12) (132281.87-3 988 406 469.69)
City FUERME 578 146+ 10.08 14.53 75.79 11.41 13 0.58
Sulfoxaflo 0.17 (7.23-12.94) (55.00-121.31)
JER TR A A 513 0.80+ 1 498.97 29979.42 59376.22 11.12 13 0.60
Wusu  Imidacloprid 0.12  (996.66-2 174.65) (25 646.29-255 324.12)
City FRER NG 475 145+ 9.37 13.50 71.72 10.43 12 0.58
Sulfoxaflo 0.19 (6.41-12.30) (50.91-121.20)
FRRST ISR 487  0.59+ 175.81 3516.10 25 400.86 2.88 12 1.00
Yili Imidacloprid 0.12 (31.82-407.61) (10 151.74-172 066.69)
City FE RS 504 1.39+ 11.93 17.19 99.96 13.56 13 0.41
Sulfoxaflo 0.18 (7.80-16.18) (65.97-197.32)
: 3 o 22 EiRBESS FHEERSH
’J . A A=A
& 5 14 e 221 KA REIFEE
E: & ’ * SH Y — 23
=R ¢ R T 45 5 5, U R8T H%
ﬂ-"‘g : : ¢ * 725 Tl 7% =3
g 2 04 $=0.152x+0.725 A5 V62l B 5% AR Fl R81T-V62I H: [f] 78 A8 451 7l (1)
@000 RIS QMEANDIsCo global 1553447 0.65 . % LR — i £
35 700 05 1.0 15 20 25 30 35 40

Logm(ﬂ[:[',EE,WLCSO) Log, (Imidacloprid LC,)
El1 SAE H B AEANA FR A AN [B] 3k X AR AR EE LC,, XHEERY

L E AT

Fig. 1 Logarithmic linear regression analysis of LCs, of

sulfoxaflor and imidacloprid among different filed

populations of Aphis gossypii
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P R, BUR RSIT MG AE V621 B FlI
R81T-V62I 3 [F] 58 AR #7143 5l 45 93.42% .93.27%
93.58% Fl193.27% I 2 JE R 5% 3 11 1 F FE V5 7 L
VEX N (K12) . QMEANDIisCo global 1543 Fl 24 Ji&
ik — T 4 2 P 1 2 B vk A T 1 4 AR e
&, T LU0

%
o /

-180° 0° 180°

D

yw Al D FORE SR AL . A XIS R A A BE N R VFAAE X, HAR (0 DXl s 2 R T £ £ B2 A/
TF1EIX . wand @ represent the dihedral angles of amino acids. The white area represents the area where the dihedral angles
of amino acid are not allowed, and the remaining areas indicate the area where the dihedral angles of amino acid are allowed.
B2 #35F nAChR S/E! (A)FIRSIT(B).V621(C) R R8I1T-V621(D) RER EHEA M R ER _E A E
Fig. 2 Ramachandran plots of amino acids dihedral angles between nAChR sensitive model (A) and R81T (B), V62I (C)
and R81T-V62I (D) mutant protein models of Aphis gossypii
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2.2.2 bk B AR 6 5 F L R 5
U R81T K V621 FAZE A5 FI R81T-V621 ]
G AR FSEARY 55 I HRORR 1Y 23 - X 2 45 R R L RSIT,
V621 FLIEAE FI R81T-V621 M7 58 AL (1 45 5 fiE
L AR A H B0 = TR R R T R
IR, R8T V621 58745 Fl R81T-V621 J: [7] 58 2%

MRV ZEARE /B AT 0.08.0.06 £110.05 keal/mol,
FE BB BB 0 T 0.13.0.10 F10.26 keal/mol, #7141
HEC BN T 0.66.0.52F10.35 pmol/L(F£2).,
B R81T . V62l FAZEAE FIR81T-V62I FL[r] 248 S 2t
Himk 5 nAChR (55172255, H R1T HLEE AR i 1§
ISR R T V621 BAZE A FI RS 1 T-V621 e [F] 58725

R 2 ML SIE RS SR nAChR SR BN SRR E B RER B 5 FIHEM E S L FRFR BRI EHL

Table 2 The binding energy, electrostatic energy and inhibition constant of imidacloprid and sulfoxaflor docking with sensitive

and mutant protein models of nAChR of Aphis gossypii

I i . %/E'\ﬁa ﬁ%%ﬁ{g . ﬁﬁ”ﬁﬁ
Ligand Model Binding energy/ Electrostatic energy/ Inhibition constant/
(kcal/mol) (kcal/mol) (pmol/L)
it et mpf U7 Sensitive -7.26 -0.53 4.80
Imidacloprid R81T Bi2¢4E R81T mutation alone -7.18 -0.40 5.46
V621 FA.ZE7F V621 mutation alone -7.20 -0.43 532
R8IT-V621 #L [ 2878 R81T-V62I combined mutation -7.21 -0.27 5.15
SEE G UBAY Sensitive -7.61 -0.01 2.66
Sulfoxaflor R81T#L%74F R81T mutation alone -7.61 -0.01 2.66
V621 BiZE7% V621 mutation alone -7.59 -0.01 2.72
R81T-V621 L[] 2875 R81T-V62I combined mutation -7.58 -0.02 2.80

SRR RAR L (18] 3-A) , R81T FAZEAR B R
ST I Uk 5 nAChR 945 & BE 7, (RT3 A Sk
USRS nAChR IS5 A A5, S OMoE il
SR S SE R AR L (TYR-216 . ARG-89 Fl LEU-127
L5k SRR TR i 4 A Ui ) DL e R RO T KR
A7k, S5 Bk R Az - R B P G A R R R A
(TYR-114 F1 TRP-159 5 it da ok & A= m-m AHEAEH)
WA KA, 5 81 M 62 A LR A RE L S 5
S 5k Bk S SR R (13-B) . &4 R8IT
AR T81 S Bk BE 2/ T 1.1 A, ve2 5
AN ER Wi R T

V621 B2 FI R81T-V621 H ] 58 25 B i plg 4% 1
Mt ik 5 nAChR I 25 G5 . S HUBTRIRIA L,
V621 FL AR R Fp AV A CY'S-211 55tk HushkIE A 14
S KON 1.8 A 3-C) . R8IT-V62I F:[r] 5848
R R SER-210 FICYS-211 5tk Bt kA il 2 A& 5
BER A5 2.8 AFI2.0 A 3-D) ., V62I FAZEAS
R A S SR 5% L S5 Ok & A - AH BV A
n-FHE FYEH . R81T-V62I 3 [a] 28 25 45U Hft TRP-65
FITYR-209 Sk k& A= m-n AHE AR . VO2IBAZE
AR FRSIT-V621 e [w] 545 i 3 B2 81 3 2 KR ik
HEHES 5P 5k Ak gs A0S 09 b (] 3-
C~D) , I 55tk k= A= g K MEFH (1 4) . VI %
A5 I R81 AN 162 55k HUMR A 25 2 il /N T 2.4 AR
1.9 A, R8IT-V62I HL[R] 58747 Ji5 T81 1162 5 ik AL k1%
PR b T 3.6 AFIL.T AL

223 AR RS AR G 5T AT R AT
S H e i S5 AR R RSIT B V621 g A8 il
R8IT-V621 H: [R] 2 A5 485 Y (1) 43 F Xof #2245 S o
R81T HL58 48 X} #WE HLFZ I 5 nAChR Y455 o2
i, V621 BA58 7% F1 R81T-V621 e 5] 58 75 Xof Ji i Ht i
5 nAChR (W45 G52 /N 5 USRI RIAR L
R81T B2 A5 455 70 v 3 9K T81 FIF0 I H Jie i 1) B 25
WD T 0.8 A HRFNE HUILE 5 nAChR 45 G HE |
FRELRE T RO ZS S R A (FR 2
8] 5~6) 5 1 V621 FALZE 75 FI R 1 T-V621 e ] 28 A5 i 71
() 45 65 HE B BUBAE A 43 51135 n 1 0.02 keal/mol Fl
0.03 kcal/mol, #l il & £ 43 773 i 1 0.06 pmol/L F1
0.14 umol/L (£ 2) , #iHE RE M 25 G A R 5 o A8
B (B 5~6) . V621 HLIEAE TR 5 FUME HL LG 1
PR N T 0.3 A, 162 55 JRUME BRI AR R 8 i/ 1
0.8 A; 1 R81T-V621 M [F] 58748 534 T81 Al 162 5 H e
T A S 4 s b T 0.9 A 0.8 ACE6)
PR 3 o 58 A U AR TR o JRURE HUE i S5
nAChR [RIFTCESIE K, A WL LR R I 5 e HL
JHE i & A - AR AN - BH S VR, HLAS g0 il
Tl P A= KA E P 2 R ST A Ak (151 5~6)

3 it

H 2004 AFAG I 3 L A48 282817 M T Fiyer ek
T R Mo ol B XoF ke BB 7 A T R S KO B DLk
(Wang et al., 2007 ) , H 8 X hk 2 R %) 470 14 220 4 34 52
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GRS 2013 ZCHRANEE,2018) . ARHFFTAE 2020 4F
(AT o RSO LB IE T 3 — 5, B s g A T i)
iR e Ao X b R AR ) PO 5 B8N 174.70 A1, H A AR

A

i‘ ECYS-ZI 1

U o B T M SRR A PR A5 B0 K T 1.000.00, FHorp
T AL A 7K | LG 3 R i AR A5 6 1 Ml X A A
FREEXT I HLB A2 T 10 000.00 /5% Lk _F AT -

B *
VAL-48

% /%
%&216
14

20528 Q€ TYR-209

CYS-211
SER-210

IMIZRILE B s B (OB RERR TR BENT T 02 P, B 2T (RN A (LS SRR A T B1 A 5 21 (R s AU (B AR ) 5 4%
TR IR 1T IEE 81 F1 62 (v 2 FMRFRFE (S5 R T4 67 Al 48 (i S FEIRARIL ) BNtk HUBRAGIE BT 5 TR (L3R 2 St bk
K e AEAE B IR (BB ZR 3R AR H . IMI is imidacloprid; yellow amino acid residues are located in ¢2 subunit, brick
red and light blue amino acid residues are located in £1 subunit; hydrogen bonds are shown in red dash lines, and their bond

lengths are marked; the distance between the amino acid residues 81 and 62 and imidacloprid are marked with green dash line,

amino acid residues 67 and 48 are equivalent to amino acid residues 81 and 62 of the 1 subunit, respectively; the dark blue acid

amino acids are involved in the formation of 7-r interaction with imidacloprid, their bond lengths are marked with orange dash lines.

B3 R nAChR BB (A)FIRSIT(B).V621(C) K R8IT-V621(D) RERF H#EE St RIAIX AR
Fig. 3 The docking conformation of Aphis gossypii nAChR sensitive model (A) and R81T (B), V62I (C) and R81T-V62I (D)

mutant protein models with imidacloprid

Sk G2 Ff R T i R B, — Pl LA R R 5
¥4 ELAE FH T 0RA8 2 ERR A AZ AR 1) % BRIl —— 3R e
AR AR B R . FRUE BTG T 2010 4EAE
FRE AT, 2 20 14 ARSI A Thitk (%
FANEE,2020) o ASHIFGEAE 2020 4 X Jeie HUNE B4t
PEWEIESE S , T AR 731 DX AR b B o) R
L8 ARl S R 71 v G S N A A= s e L

XoF FRUE H i 18 BT [ T, SH R ISR I 4 it 2B 2%
PUPEDE—E1a5R . FH HG 0tk b, R AT X e HUR
AIBCHE AR, A9 45 5 8 7 it H ok 5 g0 He e
WEANFEAESC B . XA TERREF Myzus persicae
FUAR A B Bemisia tabaci B i 25 55 i 12 9% 11 5
(Zhu et al.,2011),
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A Ty6ID). <
Arg89(C) ol

CyleZ(D)\% ..... !

5
< : Myri140) < §‘>‘.'.”Ty [1140)
Cys211(D) > el29(C) Cys21 (DY & 7/ % 11e129(C)
w »/ W
Tyr209(D) “Trp65(C) Tyr200(D) Trp65(C)
C
Arg89(C) Asnl17(C)
) | g€ Tyr103(D)
g Zin0f Wal118(C) i
Leul 19(C) § - Tp128(C). ¥ ””“‘f 0 Z"““S %Z'I“yr2l6(D)

N i <100
T VI Ser210(D) S
e Thr67(C)

; 2 Tyr103(D)
if’Trp65(C)

Tyr209(D)
Arg67(C)!
LR FhRIC B IR AL 5 I HOOTE LU | 21 60 3R S B RR AR L St s 37 () A KR o ZinO(A) Syt Hepkks35-, (C) A
(D)5 BIMAE T p1 W FE AN 02 WA | Y ZEFR 58 %L . The amino acids with green fonts are involved in forming hydrogen bond
with imidacloprid, while the red ones are responsible for the hydrophobic interaction between amino acid residues and imidaclo-
prid. Zin0 (A) is the imidacloprid molecule, (C) and (D) are the amino acid residues that located in 1 and o2 subunits, respectively.
4 MM S48 nAChR SR E! (A)FIRSIT(B).V621(C) K R81T-V621(D) R AR 5 {452 (8] Ay Fi 7k 16 F
Fig. 4 The hydrophobic interaction between imidacloprid and Aphis gossypii nAChR sensitive model (A) and R81T (B), V62I (C)
and R81T-V62I (D) mutant protein models

HOPRPUME R AR PP T 2L 2 —. nAChR

A XvaL48 B - VAL-48
.85 "6 BN HE ) R8T 58722 5 SO AT 6T bk st ™ A otk iy
- 251 E W IESE (Hirata et al., 2017) , {H & 76 A S g
" THR-67) -, Drosophila melanogaster "Vi% 5 7% X 550 HL i Ji i)

ARG-67 " SUL SUL L .

W PUrEJCH 520 (Homem et al., 2020) , HLZERR L
: ANFE P A FNE S I ) #E AR BT ME (Mezed et al.,
¢ (e D 2020) . AT TR P UE S R8I T

1.

7
ARG-67_..6'"§""‘j;UL _.?;?...fﬁL
v ) THR-67
SUL e HUKENT 7315 LR CUBEATR B1IEIESS 817162 (14
B (S [R)ER 67 148 L2 SLR ) 2 JUNE UL IR RS . SUL is
the sulfoxaflor; the distance between the amino acids at positions
81 and 62 (equivalent to the amino acids at positions 67 and 48)
of f1 subunit and sulfoxaflor is labeled with green dash line.
Bl5 smiE RERRESH34F nAChR S8 (A)FIRSIT(B),
V621(C) K R81T-V621(D) REZ T A#EBHFHEMR
Fig. 5 The docking conformations of Aphis gossypii nAChR
sensitive model (A) and R81T (B), V62I (C) and R81T-V621

(D) mutant protein models with sulfoxaflor

ZRAR AR T M bk 55 M3 55 n AChR [8] (1) 3 A1 7, (B
SUE H N S5 AR T nAChR 945 49 70 B S 520, 3X
£ Wang et al.(2016) ZERREF H A5 25 250 .
BT R81T RALHM , HF nAChR B S1 3 LR 77
1E V621 7% (Chen et al., 2017) . ASHFZE 8 270 T
MHERIRIESE T V62I HL58 48 il R81T-V62I ] 58
AR AN S AR T R R S AR nAChR B9 455 1
G300 T ik Uk S A F nAChR [H] (45 G RE i
FEL B AR 1 45, S B0 H RS AR nAChR 1456 Al
IR . X UL V621 H5E45 Fl R81T-V621 H:[F] 58
75 o T BRI X e HROR T A AR B . RUSR V621
PSRN RY1T-V621 S [ 28 A8 Xif ik H ok 5 453 ief
nAChR &5 & 4 052 i B i K F R81T HAZE48  {H
V621 L5875 F R81T-V621 A [|] 58 45 i 45 4 e
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N7/ BT S

484

T H R AR S T RIT B4 . i1 T H Rk
Z % V621 Bz A5 FI R8I T-V621 e [7] 528 (1 B 5%, A
AN BE Aff S W — b 2 24 Xk ik ke bk 5 4 55 nAChR fY
LEARI T R, R8IT. V62l HAZEAS HIRSIT-V621 3t
[F] 5 A8 X6} U WE HL R I 5 1 BF nAChR 45 5 HE 1
RS2 3 AT RS2 PR Ry R H e R A RSO
[Tt obk . — 7 T, £ AR A2, A0 0 AN 2 Rl
R i) e ad 4t A v S, Ul Watson et al. (2011) #F
%iﬁiﬁ@%ﬁﬂﬂ%u%%%jﬁiﬁm]—ﬂwﬂ%,ﬁ
I H JHz I (% 40 ) 85 K 265.0 nmol/L, i 2 i Tl
Tk PR B %851 nmol/L. 5 — J7 T, Ji e HL i
i -5 ML P AT BEAE AN [R] (4 A Y 2, IR R AR 37 14
WAL, G Perry et al.(2021)BF7E K PR, 24 MR b 1Y
nAChR ) al a2 A1 F1 2 V. FE 4% il 543 i XoF b e b =

A Tyrm(D)mET 65(C)

,% Ser210(D)
=4 Trp159(D)

] :'/.i'. - 511e129(C)
Ser160(D)m%' iu‘?\?ﬁTrplzs(C)

Wall 18(C)
Leul 19(C)%e”127(c)

C Tyr103(D)
mg Trp65(C)

%';‘Iyr209(D)

,,,,,,, % Ser210(D)

Cys212(D) %

T Asnl17(C)

Cys211(D) e %(C)
Ser160(D) ywig Trp128(C)

w ] eu127(CVa18(C)

Leul19(C)

AT 8.9~23 8RBT E , i HAA A1 W I AR S A
SRS A0 FE RN A B
28 Rk, MR EF AR B % AChR AY V621 BA58 75 Fl

R81T-V62I HL[r] 5725 2 S 8 H X nik spb = A ¥ bRt
P, 1M RSIT V62T L5 AL HI R8IT-V621 I [] 5 A2 Xt
FEUE R P TG B S R, DB AR R Y V621 B
AL F R81T-VO2I i [m] 5848 A 25 T ECHX e k5
FEUNE HU R P A A B TR o (HR, R AR X H AR
BRSSO PTENLIBR T AR A8 LIS, i e 31
S €2, 2R P4S0 B 208 AR A I8 X6 3 AR A 21 %

=AU R BN Z — , DL, X5 B s 2 o A
FIEAT i Po e 0 R i H ) Fh A 23 PR R P4S0 1 36
T 1T T SRUNE RIS 7 e — s KO B 38 BTk (EATS
T A T2 BB S ST

B Asnl17(C),
111
Trpl28(C) i Vall18(C)

7 s 'r160(D)

Leul 19(C)
11e129(C),, N . %’""

ff___%Argw(C)
Tyr216(D)
211(D
Ser210(D) % """" Ser1)58(D)
Trp65(C) # ?WCysz 12(D)
D
%'IyrZO()(D)
....... % Ser210(D)
Cys212(D) ¢ Trp159(D)
ST Asnl17(C)
Cys211(D) ”e l%)(C)
""" ~Trp128(C)
%'L' IfWVams(C)
Leul 19(C) ©

SUL W J e BB 73T 5 L1 3R Z AR SR AL 15 JUNE He BN 18] A /KA o (CO) R (D) 2351 i A5 T B1 L AL
a2 W YR ILFRFE L . SUL is the sulfoxaflor. The red section represents the hydrophobic interaction between ami-
no acid residues and sulfoxaflor. (C) and (D) are the amino acid residues that located in f1 and a2 subunits respectively.
Elo bt RpZEE 5158 nAChR SR E (A)FIRS1T(B).V621(C) K R81T-V621(D) 33 £) 2 [ 4% R 8] {9 5 7k 15
Fig. 6 The hydrophobic interaction between sulfoxaflor and Aphis gossypii nAChR sensitive model (A) and R81T (B), V62I (C) and
R81T-V62I (D) mutant protein models
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